Regulation of the cytosolic adenylate ratio as determined by rapid fractionation of mesophyll protoplasts of oat : Effect of electron transfer inhibitors and uncouplers.
Adenylate levels in chloroplasts, mitochondria and the cytosol of oat mesophyll protoplasts were determined under light and dark conditions, in the absence and presence of plasmalemma-permeable inhibitors of electron transfer and uncouplers of phosphorylation. This was achieved using a microgradient technique which allowed an integrated homogenization and fractionation of protoplasts within 60 s (Hampp et al. 1982, Plant Physiol. 69, 448-455), under conditions which quench bulk activities of metabolic interconversion in less than 2 s. In illuminated controls, ATP/ADP ratios were found to be 2.1 in chloroplasts, about unity in mitochondria, and 11 in the cytosol; whereas, in the dark, this ratio only showed a large drop in chloroplasts (0.4). None of the compounds used [carbonylcyanide m-chlorophenylhydrazone (CCCP), carbonylcyanide p-trifluoromethoxy-phenylhydrazone (FCCP), antimycin A, dibromothymoquinone (DBMIB), dichlorophenyldi-methylurea (DCMU), or salicylhydroxamic acid (SHAM)] affected the stroma adenylate ratio in the dark. Under illumination, however, the ATP/ADP ratios were partly reduced in the presence of antimycin (inhibitor of cyclic photophosphorylation) and of DCMU (inhibitor of linear electron flow), while in the presence of DBMIB, DCMU+ antimycin (inhibition of both cyclic and linear electron flow), and CCCP (uncoupling) the ratio obtained was the same as that occurring in the dark. In contrast, mitochondrial adenylate levels did not exhibit large variations under the various treatments. The cytosolic ATP/ADP ratio, however, showed dramatic changes: in darkened protoplasts, cytosolic values dropped to 0.2 and 0.1 in the presence of uncouplers and antimycin, respectively, while SHAM did not induce any significant alteration. In the light, a similar pronounced decrease in ATP levels was observed only after the application of uncouplers or inhibitors of both mitochondrial and photosynthetic electron transport, whereas selective inhibition of the latter was largely ineffective in reducing the cytosolic ATP/ADP ratio. Thus, the results show that the antimycin-sensitive electron transport is, potentially, equally active in light and darkness. In addition, they indicate that antimycin-insensitive electron transport in mitochondria (alternative pathway) does not significantly contribute to the cytosolic energy state.